District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, prolonging the investment return period. The main scope of this paper is to assess the feasibility of using the heat demand -outdoor temperature function for heat demand forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were compared with results from a dynamic heat demand model, previously developed and validated by the authors. The results showed that when only weather change is considered, the margin of error could be acceptable for some applications (the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and improve the accuracy of heat demand estimations. 
Energy harvesting through piezoelectricity -technology foresight 
Introduction
Energy harvesting is the area of collecting, typically, small amount of electric energy [1] to operate mobile, remote or off-grid unit such as personal gadgets, Internet-of-things (IoT) devices, and similar electronic apparatus, where a standard power supply unit (PSU) would be expensive, impractical, infeasible, or the purpose would not be justified from e.g. cabling, PSU loss, heat dissipation. Piezoelectric energy is one of the typical methods to harvest energy along with photovoltaic (PV), thermo-electric (Peltier) elements, photo-chemical systems, rotary and linear dynamos, ram air turbines [2] . PV being dominant but dependent on light sources.
Energy harvesting is the area of collecting, typically, small amount of electric energy [1] to operate mobile, remote or off-grid unit such as personal gadgets, Internet-of-things (IoT) devices, and similar electronic apparatus, where a standard power supply unit (PSU) would be expensive, impractical, infeasible, or the purpose would not be justified from e.g. cabling, PSU loss, heat dissipation. Piezoelectric energy is one of the typical methods to harvest energy along with photovoltaic (PV), thermo-electric (Peltier) elements, photo-chemical systems, rotary and linear dynamos, ram air turbines [2] . PV being dominant but dependent on light sources. Piezoelectricity (from the Greek word piezein -"pressure" or "squeeze") can enable a "process of extracting, converting and storing energy from the environment" [3] and was discovered by Curie in 1880 [4] . Most current applications are as micro actuators in MEMS technology and piezoelectricity is not widely used to harvest kinetic energy. Zervos [1] predicts the exponential growth of investments in piezoelectric energy harvesting and the increase of produced piezoelectric units from 2012 to 2022, what pushes the topic of this article in the focus of technology manufacturer and investors.
The amount of recently published scientific articles in the field of piezoelectric energy harvesting has been growing significantly in the last decade. Due to this, this paper explores the total academic interest in energy harvesting through piezoelectricity. With support of this gained knowledge, the authors present a technology foresight of this field. Technology foresight [5] is to identify and evaluate the emerging technologies, which will probably result in great economic and social bene-fits in the future. The purpose of this foresight is to present the future interest in this field.
To fulfill the purpose of this paper and define its scope, the research question formulates as: How intense has the interest of energy harvesting through piezoelectricity been in the past, and how intense will it be in the future?
Methodology
The research problem methodology in founded on a technology foresight model, based on [5] . It has to be mentioned, that this process model is created for a use in companies and not academia without adaptation. A filter was applied to find results that are only using piezoelectricity to harvest energy and exclude MEMS. Alongside Reger [5] , also Rohrbeck [6] serves as a critical inspiration for the applied methodology of technological and corporate foresight.
Rohrbeck [6] stipulates the technological innovation process as (1) Idea generation (2) Selection (3) Development (4) Commercialisation -this happens between the innovative process and opponents. Given the minimal breakthrough of piezoelectric energy, the foresight must focus on the phases from Idea Generation to Development. Furthermore comes a need for identifying the character of the Opponent.
The following four steps by Reger [5] describe what to do to succeed:  Define goal and search scope  Select information sources and methods  Data collection and storage  Analyzing
The foresight process starts with the definition of a goal and a search scope. The theory says, that the "objectives, core questions and search areas" [5] must be defined. An inside-out perspective [5] limits the search area, what means, that findings are only accepted, when they fulfill specific requirements. This step is already done in the introduction of this article with a formulation of a research question and a definition of the search scope.
The second step in the process is select information sources and methods. This step is about whether the type of information [5] , that is needed to answer the research question, is formal or informal, and whether the information is valid and reliable. To complement the theory of technology foresight, this section includes theory of technology intelligence to describe the applied methods. According to Lichtenthaler [7] , "the goal of technology intelligence is to exploit potential opportunities of technological trends". Additionally, it is also about collecting, analyzing and communicating relevant information.
To answer the research question, this article performs a literature review, which provides the required data. According to Kerr [8] , there are different kinds of sources in technology intelligence: white, grey and black. In this article the kind of sources, that are used, are mainly white sources, because the sources are publicly available. Three interviews with university professors present a grey source.
The type of information for this article is defined as formal information, such as scientific journals, reports and webpages. It is relatively easy to contribute such formal information, which means that formal information should be selected very carefully, to get a high validity and reliability. The information from scientific journals is preapproved information, which contributes to a high validity. Some of the webpages that are used have a low validity, but, due to the number of webpages claiming the same, they are still examined. Because of their low validity, these webpages are treated with critical awareness. As mentioned above, the process used in this article from [5] on technology foresight.
The third step of the process is data collection and storage. The theory of Reger [5] says that it is important to consider how the data is collected, who collects the data, but also in which context the data is used. As a mean to obtain a useful foresight, Vanstons forecasting theory [9] is used for the purpose of building the actual foresight on a quantitative measurement. To obtain a technology forecast within piezoelectric energy harvesting, the authors have made a search for hits on campus library and Google Scholar. The search was based on identifying the number of results each year from 2005 to 2016 of the phrase "piezoelectric energy harvesting". The purpose of this search is to use a trend extrapolation to create a pattern of change to future developments [9] within piezoelectric energy harvesting. To get a better understanding of the current academic focus, a screening of technologies, which actually use the piezoelectric effect to harvest energy, is conducted. This screening serves to create a higher qualitative knowledge of the current situation in research into this field.
After data is collected and stored, the findings need to be analyzed before readers of this article can interpret them into their environmental situation and prepare, with support of that, decisions. This step is where the actual foresight is created and discussed based on the collected data. Afterwards, a compact conclusion sums up the work and results of this paper.
Along with the foresight methodology, the technological feasibility is collected and presented in section 6.1. The methodology of the technological feasibility model derives from the opponent view stated above. Matters of opponent views adhere to design requirements, application requirements and requirements related to management and business. The foresight model is henceforth added with a feasibility model for reviewing the specific energy harvesting technology in relation to commercial areas of application.
What is piezoelectricity?
Piezoelectricity is a fundamental effect of physics, which generates electric voltage, if a material is mechanically stressed [10] . The category of materials are in their natural state electrically balanced, which means their positive and negative charged dipoles moments are cancelling out each other. Once crystals are stressed, the imbalance of the positive and negative charges on the materials' surfaces generates an electric voltage and effect that can be harvested.
This effect is a linear electromechanical interaction until the deformation reaches the Yield strength, what embodies the end of the material's elastic capacity and leads to a malleable deformation, which is not desired.
For this paper, relevant piezoelectric materials are manmade piezoelectric ceramics and synthetic piezoelectric polymers. See [3] for a list of the known different piezoelectric materials. There are currently more than 200 materials with piezoelectric properties and ceramic lead zirconate titanate, also known as PZT, is the most widely used one [1] .
Data collection and storage
Findings of the described technology foresight and the categories, in which piezoelectricity is currently mainly used to harvest energy, are presented in this chapter. The variables was the results found in Google Scholar and on the campus library aggregator, library.au.dk, for the phrase "piezoelectric energy harvesting". Google Scholar and the li- To get a better understanding of the academic interest in piezoelectricity, the authors took a more detailed look on the findings. Some categories of technologies were then detected, which most technologies can be assigned to. These are namely piezoelectric floors, footwear and roads. Brief descriptions of these clusters are presented below. The presentation of the technologies differs depending on the amount of literature available on the specific technologies. 
Cases
Flooring. Piezoelectricity can be used in tiles to convert steps to electric energy. A piezoelectric disc will be built into the tiles, and they will be connected. The tiles can be all kinds of material, which makes it possible to implement them both inside and outside. "The amount of energy generated depends upon the weight of the person, maximum deflection, and type and frequency of movement" [11] . Piezoelectric floors are tested stations in Tokyo. The stations have more than 400.000 people/day. The piezoelectric tiles are not installed all over the station but in small areas around the ticket stations. In Tokyo station, they have 25 square meters of piezoelectric floors that produce approximately 1400Wh per day. The energy the tiles produce is equal to the electricity required by the monitors and the ticket machines in the station. The tiles are produced with a stone surface, which improved the "walkability" because they are similar to the tiles currently used in the stations [12] . A piezoelectric floor is used in a nightclub in London, which converts the guests' changes of vertical kinetic energy from dancing into electricity. It is estimated that the dancefloors will produce 60% of the energy needed in total to run the nightclub [13] . The production cost for piezoelectric tiles is very high due to installation in high traffick areas with aestethic requirements. Press reports estimate Pavegen's flooring to cost around EUR1200/squaremeter [14]. Footwear. Piezoelectric crystals can be built into a generator, which is then implemented in the heel or sole of footwear. When the user takes a step the generator creates energy. The shoe generator could use "a low-cost polymer transducer with metalized surfaces for electrical contact" [15] . There have been examples of research projects, e.g. in the US Army [16] , where piezoelectric boots have been tested. The goal was to produce 1-2 watts to charge radios, phones and other equipment. The projects suffered because of the discomfort for the users wearing the boots [17] . The tension in the boots combined with moisture (both inside and outside the boots) made the shoes highly uncomfortable.
Railways. In 2010 Innowattech [18] , an Israeli company, tested what was at the time an innovative and new way of harvesting energy from passing trains. The idea was to use piezoelectric pads that could harvest energy from passing trains. They exchanged the already lying pads below the railtracks with electricity-generating pads to investigate how effectively they could harvest electrical energy. The vibration of the passing trains made the piezoelectric material create an output that is electric and thereby created voltage. "Preliminary results suggest that areas of railway track that get between 10 and 20 car trains an hour can produce 120 kWh of renewable energy, which could be used to help power trains and/or signals, or be routed to the power grid for use elsewhere" [18, 19, 20] Roads. The power harvesting system used for railroads, also finds its usability on regular roads with high volume of traffic. Innowattech piezoelectric generators, called IPEGs, are used to harvest the energy and they have furthermore developed an efficient storage. The IPEGs are piezoelectric crystals that can harvest mechanical energy created by changes in weight, motion, vibration and temperature, and convert it to electricity [21] . The harvesting system, which was put out for testing, consists of a 10 m strip of asphalt, with generators lying underneath, and batteries in the road's proximity. The collected energy in the batteries can be used to power traffic lights or street lamps or other nearby electrical driven elements. IPEG installation costs are low, as they can be applied when building new or doing maintenance work on existing roads, as they are placed below asphalt, concrete or other road material.
Further technologies. Through the screenings further technologies, beside the four categories, have been identified [17] . Like:  Piezoelectric crystals could be implemented under production machines, where the vibrations would create electric energy.  Piezoelectric sensors could "utilize the vibrations caused from the machines in the gym. At workplaces, while sitting on the chair, energy can be stored in the batteries by laying piezoelectric crystals in the chair."  "The piezoelectric crystals can be laid down under the keys of a mobile unit and keyboards. With the press of every key, the vibrations created can be used for piezoelectric crystal and generate energy." The overall picture shows that many researchers are conducting projects with the purpose to test piezoelectricity as a central source for harvesting energy; positive results from the above-mentioned technologies are not clearly documented.
Discussions
The chosen methodology of this paper, namely the technology foresight model of Reger [5] , was modified to produce an academic perspective instead of in a specific company, what it was originally made for.
Technical approach
To underpin the technology foresight, it is worthwhile to consider the technology. Typical comparison regimes for energy is capital expenditures per energy-unit, typically EUR/MWh. Given vague indications in the media, one sqm of Pavegen sells for 1250£. It is estimated to produce 1 kWh in one day in a high traffic area with a lifetime of 5 years. This yields a cost of 750 EUR/MWh. PV, wind and fossil energy is produced from 40 to 150 EUR/MWh.
A direct comparison between high power energy sources and relatively low power energy harvesting approaches is problematic. Core literature mostly support piezoelectric energy as being in niches and support special purposes contrary to general purposes of e.g. PV. ISA [22] quotes "The success of wireless sensor networks (IoT) will depend on wireless power supplies." A comparison with vibrations, power output and volume as variables is presented in [2] .
Energy harvesting must be interpreted from, what it is: Low power units for producing energy for dedicated purposes in relevant areas of application and physical conditions. Mostly energy harvesting must related to the power needed for the actual purpose and surplus power is left unused. Besides the consumption is also the storage, e.g. the battery, of interest in dimensioning and configuration of the needed energy harvesting approach. A decision model would include aspects like: A. Energy consumption -both active and hibernated B. Size requirements C. Battery technology D. Cost E. Circuit technology of focal technologies, e.g. for Zigbee TI's CC2630 controller uses 1,0 µA in passive mode, whereas CC2538 uses between 1,3 and 600 µA. In "sleep mode" the consumption is 0,1 vs 0,4 µA. F. Relevant and precise characterization of the physical conditions contributing to the energy harvesting:
Occurrence of dynamic force, frequency of vibrations, temperature range over time, light sources G. Assesment of risks of underutilization of one of more energy harvesting components leading to overall loss of energy, e.g. absence of dynamic forces, light, temperature changes, etc. H. Evaluations of potentials of improvements in energy yield, price, normalized price, and lifetime. Wind and PV have developed immensely, but supported by magnitude of the sectors. What energy harvesting technologies are worth relying in on 2, 5, 10 years horizon? I.
Adherence to standards, customary standards or need for new standards [28] A technical assessment of the given energy harvesting approach and a comparative stance on piezoelectric energy is assumed to be supporting for the forward technological design and decision-making process along with the technology foresight.
Technology foresight approach
In this paragraph, the findings are analyzed like prescribed in our framework in the methodology. The collected quantitative data regarding the interest in piezoelectric energy harvesting shows that the number of published scientific articles has increased exponentially in the last decade. These data could indicate that the interest will remain either stable or increasing in the future. There is a small decrease in 2016. But it could also be an indicator that the interest in piezoelectric energy harvesting is slowly decreasing again. And this is also the evaluation, where the authors positioned themselves. This evaluation is based on the additional qualitative knowledge collected through this process [23] . One parameter which could indicate that the interest will decrease in the near future, is the fact that is has not been possible to find any tests or projects with a result, which could enable the technology to harvest a remarkable amount of electricity. Therefore, it seems that there are no proofs of different piezoelectric technologies resulting in energy harvesting. Additional to this, different experts [1] state that it will not be possible in the near future to place piezoelectricity on the same level as wind turbines or solar power.
It is theoretically possible to harvest kinetic energy through the piezoelectric effect, practical issues of the crystals' deformation range make the electric harvesting outcome difficult. Khaligh [23] mentions the advantages of piezoelectric generators in form of a "simple structure [and] easiness to fabricate". In contrast, the one significant disadvantage is "the current, flowing out from piezoelectric generators, is too low to be used due to the very high impedance of such materials." The transformation of kinetic energy into electricity can be significantly larger with other technologies like electromagnets [23] or vibration power generators [24] . Piezoelectricity could still have a big potential of devices generating micromovements [25] or wireless devices [26] .
In considering high-level corporate technology foresight activities, the academic community (as a proxy for the industry) must decide on it should move into the new business field or leave. Inspired by [27] there can be issues of the emergence and niche character of new business fields (weak signals) is not detected internally. The management (i.e. academic community) experiences information overload, and cannot assess the potential or lack of potential of the new business field. Other decision makers filters the information that is available regarding the economic potential of the new technology field, because of fears of being passed by competitors. The internal and external structure of the academic community is complex, which triggers inertia, and blocks from capturing the business opportunity and lack of opportunity due to a slow response.
Conclusion
The data collection and analysis show that the interest, defined by the number of published scientific articles in piezoelectric energy harvesting, has grown exponentially in the last decade. To get a better understanding of the interest into energy harvesting through piezoelectricity, the technologies that are being researched in this field has been examined. The area shows a remarkable discrepancy between idea generation and innovation on the one side, and commercialization on the other side. The proposed decision making model above can hopefully serve for inspiration for future design of piezoelectric energy including a structured approach to position this form of energy harvesting along complementary technologies.
This paper has demonstrated the use of corporate strategic technology projection methodologies, Technology Foresight, applied within the context of academia-based technology focused development efforts. As a key learning, it is demonstrated that lack of commercialization is not inhibiting research interest, which might suggest a general problem in management and prioritization of energy research. As a suggestion for further research is the matter of micro-power energy harvesting as critical enabling technologies for IoT and WSN with matters of the balance between low-power WSN, e.g. the CC2630, and the minimum acceptable Quality of Service (QoS) e.g. as data transfer rate, monitoring and alert capabilities.
